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DESIGN AND IMPLI!IMENTATION OF

SOFTWARE ALGORITIIMS  FOR TOPEX/POSEIDON
ONBOARD EPHEMERIS REPRESENTATIONS*

R. K. Lmvitt,  Sterling Software, Inc.
A, H, Salama, Jet Propulsion Laboratory,

Jet Propdsion  Laboratory
California Institute of Tcclmolc)gy

The design  ancl il]~}~lclllc]ltatio]l  of the software algorithms usccl to conl-
pute least squares approximations of the TO1’EX aacl TDR.S ephemerides
are described. “1’hese algorithms arc part of the ground support com})utcr
program OBCGEN,  which generates ephemeris representations for the
on board computer (O IJC).  These representations are in the form of com-
mand loads that arc uplinkccl to the q’0P13X/POSItIDON  satellite. The
OIIC software requires knowhxlgc  of the ‘1’OPEX  ancl TDRS ephcmcriclcs
to pcrfrom its attitude control and high gain antcnaa  (11 GA) articulation
functions. I.Cast squares  rcl)rese])tatio]l  of these cl)hc]]~cridcs  arc used
by OBC  to meet memory limitaitons while satisfying both altimeter and
IIC;A pointing accuracy requirements.

All six position and velocity components of the TOPEX state  vectors
spanning 10 days are represented with a least squares polynomial con-
taining 42 c.oc.fflcients  each. For ‘1’1)1{S the three positioa components for
both East and Wmt satellites are rcprcscmtec] with eight cocfflcicnts each.
Scaliag factors equivalent to the exponents ia floating poiat aumbcrs are
associated with each of these  c.odhc.icnts.

This paper cmphasims  the design and i]ll]llc]]]elltatioll  of the software
algorithms for the on board  cphcmcris  representation, Opcratioaal  pro-
c.cclurcs, overall performance , ancl the lessons learned from operational
expmicncc are clcscribcxl in l{cf 1.

INTRODUCTION

The TOP13X/POSEIDON  onljc)ard  computer (OBC) mquircs lmowledge c)f the satellite
and the ‘IYaclcing and Data RcJay Satellite ,( TI)RS)  ephcmmicles  tc) perform attitucle  ccnltro]
ancl high gain imtcmna  (HGA)  articulation. These cphemeric]cs  are uplinkecl  to the satellite
via the OBC Ephmncris Commancl  Lc)acls File, which is prc)clucccl by program 013CGEN

*“~’]le rescarc]l Clcscri])ccl  ill t]lis paper was carried  out by tl)c Jet I’ropukion I,aboratory,  California lnstituk

of l’ethnology, unclcr contract with tl]c National Aeronautics alicl Space Administration.
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of the grounc{  software Navigation Suljsystem  (NAVS ). These OR C files are compriscxl  of
sets of coefficients ancl residuals for Fourier  Power Series (FPS).  Incluclccl  are associa,tccl
013C flight times and the ‘TOPEX  satellite orbit ancl Earth spin rates, These FI’S cocf-
ficimts  and auxiliary clata arc used ljy ODC tc) compute the ephcmcrich of the fromx
satellite ancl TDRSS (East ancl West) as functions of satellite flight time.

Ephcmmis  files am ,generatccl from initial states for the TOPEX satellite and each TDRS by
NAVS program DPTRAJ. For input, DPTRAJ uscs solution vectors of the orbit determi-
nation (01)) process as initial states supplied hy the Flight Dynamics Facility (FDF) at the
Gc)clclarcl  Space Flight Center (G SFC), OBCGEN  compmsscs  each of these ephcmcridcs
into FPS representation to ccmscmw  OBC memory while  satisfying altimeter and HGA
pointing accuracy rcquimments. A power series is computccl spanning 10 clays to Icprc-
scnt each Cartesian position ancl vcloci t y component c)f the satellite in t ruc equator ancl
equinox of date (TOD)  coordinates. Only the position vector components c)f both TDRSs
are represented with power series in each uplink  load.

FUNCTIONAL DESCRIPTION

Figure 1 is a systems flow chart that illustrates the generation of the OBC Ephemeris
Commancl Loacls.  In addition to DPTRAJ cphcmcris  files, inputs incluclc  genmal  infor-
mation (GIN) ancl planetary ephemeris files. These ~llcs supply the parameters for pc)lar
motion and timing ant] the nutations in ecliptic longitude and obliquity, respectively. To
relate flight software time with UTC,  OBCGEN  intmfzzccs  with a Time Correlation Table
supplied by the Satellite Performance Analysis Team (SPAT). Along with the least squares
ccd%cients,  optional pc)sition residuals arc c.omputecl  spanning a user selected 30-hour pc-
riocl at 10 minute centers. This option can yielcl greater precision cluring critical events.
The resulting FPS coefficients, residuals, and auxiliary values am scalccl  and convcrtcd to
their equivalent 18-bit wcnxl c)ctal representation by emulating the numerical algorithms
used by OB C. Verification of the uplinkccl  FPS cocfflcicnts  is accomplished hy compar-
ing least squares functional values with the rcspcctivc  DPTRAJ ephemeris values. The
command syntax of the OBCG EN Ephemeris Comlnancl Loads file is validated l)y SPAT,
ancl the file is uplinkec~ to the satellite by the Tclcmctry,  Command, ancl Collllll~]llicatiolls
Subsystcm  (TCCS).

This TOPEX/POSEIDON  OBC ephemeris representation is basccl  on the FPS ccluations
inhcritccl from LANDSAT-1)  (R,ef  2), which invoked daily uploack spanning 37 hours each.
Analysis has cleterminecl  that the accuracy requirements for TOPEX/POSEIDON  would
bc satisfied if the FPS cquatic)n clomain was cxtcnclecl  to weekly uplinks spanning 10
days (R.e,f  3). The following modifications to OBC and its software wcm necessary to
accomplish this extension. The  37 hcmy clc)ck  was il~c,rcased  to 12.4 daYs, allc~ the softwa,rc
logic was changed to allow a new range of coefficient values, Ancl parameter was addccl
to the uplinkecl  file to inclicatm the user  spccificd  starting grid point for position residuals
(spanning 30 hours at 10-nlin  ccntms).

l’hc? satellite can enter a safcl]olcl  mode if the cllhcnlcris  lc)ads  contain errors  which cause
unacceptably large point ing errcm. Normal operations cease until a corrected ephemeris
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is uplinkecl.  Several quality assurance steps are inc,ludccl  in the command load generation
process to reduce the possibility of uplinking a faulty cphcmcris. The major quality assur-
ance step within the OBCGEN  program set is the ‘Wcrify OBC Epl~cmcris’)  process shown
in Figure 1. Here, the intenc]ec{  OBC ccnmnancl loads arc usecl  to generate cphcmericlcs
(TOPEX and both TDRSS) using actual onboard  algorithms. The resulting ephemcriclcs
are compared with the original cphcmeridcs  to confirm that differences am within ac.ccpt-
able limits. Resiclual  plots, like those shown in F’igurc 2, arc but one part of this thorough
verification process. Figure 2 shows a typical maximum rcprcscmtation  error of 6 mclcg,
compared to the allocated rcquircmcmt  error of 22 mdcg.

1. EAS’17 SQUARES

For the TOPEX  satellite, the form c)f these equations used to rcprcscnt the ephemeris is
a 5th clc.grcc  least squares polynomial with FPS harmonic c,ocfficicnts.  Each Cartesian
position and velocity component is rcprcscnted with the following equation (Rcf 2):

x(t) = Al + iA2 +- i[A3 + i(A4 + i(A5 + iA6))]

+ A7 + t[Ag +- t(A9 + t(AIO  +- t(A1l + tAlz)))] si71(ut)

+ A13 + t[A14  4- t(A15 + i(A16 + t(A17 + tAIg)))]cos(d)

+ A19 +- i[A20 +- t(A21 + (A22 + tA23))]  sin2(d)

+ A24 + i[A25 + i(A26 + i(A27 + tA2g))] sin(wi)  COS(~t)

+ A29 + t[A30 + i(A3]  +- iA3z)] Si?t3(@

+ A33 + t[A34 + t(A35  + tA36)] si7z2(ut)  COS(~t)

+ [A37 + A39 Si?l((.dt)  +- A41 cos(d)]  sin(2uEt)

+ [A3S +- A40 si71(@)  + A4Z Cos(d)] COS(2UI;i)

where:

x(t) is any of the six cartcsian position or vclocit y components of the inertial coordinate
Systcm;
t is the OB C flight software time relative to the rcferencc t imc for t hc ephemeris clat a span;
w is the mean orbital frequency of the satellite for t hc data span;
A i (i=l,: ,,,42) are the FPS harmonic cocfficicnts, and
WE is Earth’s sideral rotation frequency.

The satellite mean orbital frcqumcy for the data span is ccnnputccl  from the mean scmi-
major axis obtained from orl>i  t dcterminat ion,

For TDRSS, each cartesian  pc)sition component (both cast ancl west) is reprcscntccl with
the following equation (Rcf 1):
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z(t) == Al + A2t -I- (A3 + iA4)  sin2 wl; t

i- (A5 + iA6) co.$ ti~;i + A7 Si?12 u~;t

+- A8 sin w13t cos up;t

wllerc each component is dctmminecl from eight  cocffic.icmts.  Parameter w]; is Eart h‘s
sideral  rotation fmqmmcy,

The cphcmericles are reccmstruc,tccl  in 013C by interpolating over gricl  points at 10 minute
centers. The .gricl points arc computccl  using the uplinkccl  FPS cocfllcicntsj  and the ODC
interpolation algorithm applies the following Hcrmitc  formula (Rcf 3):

h~(t) = [1 -- 2L’@)(i  - ik)][Lk(i)]2

ll~(t) = (t – ik)[Lk(t)]2

where:
y(t) is the Hermite polynomial of degree 2n1 — 1, representing any position or velocity
component,
m is the number of points used in the intcrpolat  ion,
.f(tk  ) and .f’(t~ ) are any position and corresponding velocity components, and
LK(t) ancl L’k (t ) are the I.agrangian coefficient functicms  and their clcrivativcs.

NORMAL EQUATION

The least squares normal equation (Ref.4)  is appliccl  by OBCGEN  to approximate
ephemerides. This equaticm  can bc cxprcssecl  as follows:

(1)

“~” DPTRAJ cphcnlcris  ‘vector ofwhere p is the number of ephemeris points, Xi is the 2
Cartesian position ancl velocity ccmponcnts,  and C is the cstimatccl  42 x 6 array c)f co-
cfflcicnts. Vector ii is clefincd  at time ii, i=l ,., , , p, by partitioning it into harmonic
factor segments as follows:

Let

(2)
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t hen

Whcl’e

Ei =

MEASURING TIME

sin Ld~tl

COS W[j!ii

sin W[j!ti sin Wtl

COS LOI<ti Si?l Wti

sin WJ<ti COS Wti

COS LO~j!ti sin Wt~

(3)

(4)

The three primary measures of time usccl to gcncratc  OBC  cphcmcris  c,ommancl  loa& am
Coorclinatecl  Universal Time (UTC),  Ephemeris Time (ET), and OBC flight time. Being
user frienclly,  UTC is usecl for user spcxifiecl  input times and for output listing values,
Defined by the orbital motions c)f Earth, ET is USCX1 by DPTRAJ as the continuous indep-
endent  time variable in producing the ephemerides for the TOPEX ancl TDRS satellites.
It is dependent on the. geocentric J2000 coordinate frame, OBC flight time is generated
by an onboarcl signal oscillator that is converted to a 48-ljit cc)unter.  Tllrcc  (3) 18-bit
computer worcls  contain this timing counter as a left justified 48-hit  value with sign (al-
ways positive). In the OBC software, the least  significant bit of this value is ccluivalcnt  to
0.9765625ps (Ref. 5).

The time span for the least squares fit is spccificd by the user as I]egin and cnd UTC
times. Ephcme.ris files are read over this time span at user specified UTC time intervals
to retrieve the satellite state vectors. These UTC times arc convcrtccl to ET values using
JPL institutional navigational software (R,cf. 6). Each rctricvccl state vactor is taggccl
with its corresponding OBC flight time, which is dctcrlllillcd  Ilsillg OBC VCrSUS  lJTC ti]ne
comclation  tables (Ref. 7) supplied by SPAT.

The time values t used in the lmst squares normal equation are scalccl  quantities rcprc-
scnting 0J3C  flight times.  They arc scaicc] so that tllcir values lic I]etweell — I and  +1 as
follows:

t, – to
t=–—

At
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The value to is callecl the rcfcmnce  time, and At, the scaling factor, is the diflcrcmm
bctwccn  t~ ancl t ~, which is half the value of the specified time span. In reconstructing
the ephemeris, OBC is required to subtract the rcfcrcncc  time iO from OBC flight times in
applying the coefficients, i.e., t == i. – iO. IIc)wcver, the scaling factor At is factored into
the uplinkcd coefficients A,, by OBCGEN  as follows:

c,,
A,, == —At,, ~ ‘or ?l=l,.  ...  S (5)

where C’,~  are t hc least squares computccl cocffic.icnts  for the n ~” power of tllc scalecl time
variable t.

SOFTWARE ALGORITHMS

The scaling Factors used in Equation (5) am c.omputccl  as following:

TSCALE = TEND - TREF

DO 16 I = 2, IDIH
16 FACT(I) = TSCALE*FACT(I-I  )

where FACT(1) is preset to the value 1.

The harmonic. fiactors for the sets of q coefficients in equation (0) arc dcpcndcnt  On the
satellite’s orbital frequency R, PS(NI)X).  The index parameter NDX is either 1 or 2 for
TOPEX or TDRS, repscctively.  For each OBC flight time value TSC at 10 min centers,
the following algorithm computes the ccnmsponding  set  of harmonic factors:

ANGL = RPS(NDX)*TSC
SCFCN(2) = DSIN(ANGL)
SCFCN(3) = DCOS(ANGL)
SCFCN(4) = SCFCN(2)*SCFCN(2)

K = 4
D0251 =2,3
IPLUS1 = I + 1
DP 25 J = IPLUS1, 4
K =K+i

26 SCFCN(K) = SCFCN(I)*SCFCN(J)
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The powersof  timein  Equation(2) fcmcach O13C time value TSC at 10 min ccmters  arc
Ccml]m  t ccl as follows:

T = TSC/TSCALE
DO 30 I = 2, IDIM

30 TS(I) = T*Ts(I-1)

where TSCALE is the scaling factor At ancl ‘I’S(1 ) is preset to the value 1. q’hc climension
value IDIM is either 6 or 2 for TOPEX or TDRS,  rcspcctivcly.

The harmonic factors computed ahovc are applied to this set of time powers as indicated
in Equaticm (3) with the following algorithm:

KPT = IDIt!

DO 40 K = 2, NFCN
KDIH = IDIH - K/4 - K/6
DO 39 I = i, KDI14

39 TS(I+KPT) = Ts(I)*SCFCN(K)
KPT = KPT + KDIM

40 CONTINUE

The value of parameter NFCN is either 7 or 5 for TOPEX or TDRS ancl of parameter
IDIM is either  6 or 2 as clefinecl  ahovc.

For the TOPEX satellite, Earth’s orbital frequency harmonicf actors  E1 are incluclccl in
Equation (3) as indicated in Equaticm  (4). They arc appliccl  to TOPEX’S harmonic factors
with the following algcmith:

ANGE = TWOWGE*TSC
SCGE(I) = DSIN(ANGE)
SCGE(2) = DCOS(ANGE)

D049K =1,2
D0461 =1,3

45 TS(I+KPT) = SCFCN(I)*SCGE(K)
KPT = KPT + 3

49 CONTINUE

The valueof KPTis  colltil~~lcclfrc)l~l  the abcwcalgorith.

To apply the Normal Equaticm  (Equat (l)), the least squarm algorithm catmatcs  the
satellite’s state values  ontc)  the cncl of the TS vc,ctor.  Then the cross products of TS arc
computec~  ancl their sums ac.cumulatcxl  for each 013C time as follows:

DO 55 I = 1, MPLUSN
JMAX = HIN (I,MAX)
DO 55 J = 1, JMAX

S5 SUMS(J,I) = SUHS(J,I) + TS(I)*TS(J)
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where MPLUSN and MAX arc either 48 or 11 and 42 or 8 for TOPEX ancl TDRS,  respec-
tively. For TOPEX the 42x6 matrix of values on the right siclc of the Normal  Equation
results from the accumulation of the st atc ant{ time cross proclucts,  I)ldcx J is greater than
42 for these cross proclucts.  Because the 42x42 matrix of va]ucs on the left side of the Nor-
mal Equation is symetrica], only t hc upper right triangle of matrix values is accmnulatcd.
The lower left triangle is complctcd  after al
as follows:

DO 60 I = 2, MAX
ILESS1 = I - 1
DO 60 J = 1, ILESSI

60 SUMS(I, J) = SUMS(J, I)

the 10 min c.entered data values are proccsscd

TIIC same goes for TDRS with its 3x8 ancl 8x8 matrices.

The least squares ccmfficicnts  are dctmmincd  by solving the Normal Equation as a system
of Iincar equations using .JPL institutional mathematical sc)ftware  (Ref. 8). The result-
ing coefficients are rescalccl to 013C time values relative to the rcfmmce  time as follows
(Equation (5)):

65

70

ICOEFF = O

DO 70K = 1, NFCN
DKIM = IDIM - K/4 - K/6

DO 65 J = i , NSOLN
DO 65 I = 1, KDIM
IPLUS = I + ICOEFF
COEFF(IPLUSI,  J) = SUMS(IPLUS, J+ MAX)/FACT(I)

ICOEFF = ICOEFF + KDIM
CONTINUE

UPI.lNKED  COMMAND I. OAIIS

Three time values are incorporated into the OBC Ephemeris Command Lc)acls File, viz,,
tsl”Arm, i?us~, and ~i. The time tSq’Anq’  signals  OBC to compute the first four ephemeris
grid points at 15 minute centers from the uplillkcd coefficients. Time t[]s]j, which coincides
with the seccmd  grid point, identifies when OBC initiates the interpolation process using
these grid points. The time interval fit <0 is the time hctwecn  the first gricl pc]int  ancl tl)c
reference time, i.e.,

to==t~-ft

Since the grid poiuts arc cm 10 minute, i.e., 600 scconcl,  ccmtcrs,
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13cing cmsistcnt  with DPTRA.J ephemeris film,  kilometers and scccmc]s  arc the cnginccri]ig
units used in the least squares process. Thcm  units must be converted to OBC units, viz,,
meters and milliscccmcls,  for the OBC Ephemeris Comma,ncl  Loac]s  File to Lc uplinkecl  to
the satellite.

Scale  factors similar to exponents in flc)ating point numbcm arc storccl  in the OBC memory.
These scale factors position the logical binary point for the Systcm Table ‘(real” paramctcm
by multiplying by 2“ , where n is the sczdc factor, Since  the harclwam  binary point is at
the left of the most significant bit position, the scaling factor logically moves the point n
bit position to the right (to the left if n < O).

Scale  factors for TOPEX/POSEIDON  were cq]timized  for FPS coefficients providing a 10-
day cphelheris  represent at ion. Expcricncc  has shown that numerical problems somct imes
occur  when these scale factors wcm usccl to gcmcrate  cphcmmicles less than 6 clays (near
maneuvers, for example). Overflc)w causing loss of the Inost significant bit occurs l~ecallsc
the scale factors no longer acccm~nlc)(late  the recluixed FPS cc)cfficicnlts.  As a result, a
stanclarclizccl  10-day cphcmcris  is always utilizccl  mgarcllcss  of tile mission activity, for
it is operationally impractical to also determine and uplink  ncw scale factors with each
cphcmcris  command loacl.

INPUT PARAMETERS

Input parametcm ancl options are cmtcmcl  into OBCGEN  Ilsillg Fortrall’s Namclist.  The
following table lists thcxw  Namclist  inputs ant] their default values if applicable:

S’Jmbol

OPTION

BEGT

ENDT

DMINS

DTUSE

RSTART

SMA

GM

WGE

DEVICE

FILENR

TyIm

A*5

A*24

A*24

DP

DP

I

DP

DP

DP

A*12

I

$OBC Nandist  Paramctcm

Description

Satellite indicator (’TOPEX’,’TDRS’, or

Begin time (UTC) c)f fit in ATB format

Encl time (UTC) of fit in ATB format

Time intcrwd ( re in )  bctwcxm  samplccl
state vectors

‘BOTH’)

DPTRAJ 13phemcris

Time interval (rein) Let wcmn tSq’A1~~ ancl t [ISE.

Gricl nmnbcr at which residuals start (=2)

Mean semi-majcw axis of TOPEX satellite’s orbit (km).

Earth’s .gravitaticmal  constant (knt3/sec2  ).

Earth’s spin rate (rev/s)

Plot dcvicc  (e.g., ‘CPS/PS’)(Scc  PGPLOT UG).

Version numhm for uplink coefficient file (IO).

9
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P G T O R S  L TDRS rcsidualplc)t  sfotwarc(T  = plots; F = no plots).

TBEDSW L Output film for test heel software (T = files;  F = no files).

13UFSW L Twcalc  software fc)r 013C software error (sets least significant
Itl-bit work of tripplc precision nmnhcr to non-zmo  value).

10
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REQUIRED FILES

!Ilc following files are mquircxl to cxcxutc  OBCGEN.

~ L@ hwxil~tiol~

OOE I TOPEX satellites DPTRAJ  ephemeris

TDRSE I TDRS/East 13 PTR.AJ cphcmmis

TDRSW I TSRS /West DPTR.AJ clhmcris

12 I Planetary ephemeris

GIN I Gcmeml  astrmlynamic  information

FOR035  I UTC to OBC time correlation table

FOR.03G  I OBC! to U’TC time correlation table

PR.OBC O Printer output listing

CPS.PS o Residual plots

OBC File O OBC Ephemeris  Commancl Loads (File name ancl cmtcmt
are gcncratecl  by O13CGEN.  )

013C EPHEMERIS COMMAND LOADS

System tables 33 ancl 34 are the Ephemeris Conmancl  Loacls  for the TOPEX satellite ancl
TDRSS, respectively. The parameters in these taldcs arc defhccl  in Tables 1 ancl 2. In
the fourth column uncler the heaclcr ‘2*%’ arc the scaling factors usecl  by 013C for these
parameters. The scaling factcm  for the TOPEX coefficients, arc listccl  in Table 3.

11
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TalJc 1. Systcm~TaMc33for  Satellites EphcIncri.s

WORD NAME* TYPE 2**n DESCRIPTION UNIT
- - - - --- - - -- - - - - -- - - - --- - ---- - ------- - -------- - - . ---- - - ---- - ---------

1

2-4

S-7

8

9-10

11

12

13-14

15-16

17-268

269-520

NEWDATA I -

TSTART D+ 38

TUSE D+ 38

RSTART I-

EIGWTIST D 30

EIGVNT14X I -

EIGVNT I-

EIGWWFS D -21

EIGW2ND D -2s

EIGBA D(3,42) *

EIGBA D(3,42) *

621-1060 EIGBRES E(3,180)

Indicator for OBC to
use table values.
Initialized at O.
OBC timo to calculate
grid point values
(1 min before TUSE).
OBC time to use table
values (= time of grid
point 2).
Starting grid number of
residual data.
Time interval of 1st
grid point past FPS
reference time .a,
Maximum number of
residual pointe.
Number of poeition
residual points.
Satellite)e orbital
frequency.
Two times Earth’s spin
rate.
FPS coefficient array
for TOPEX position
(X,y,z).
FPS coefficient array
for TOPEX velocity
(X,y,z).
TOPEX position residual

ms

ms

ms

rev/ins

rev/ins

m

m/ms

m
array 110 min center)

# I?rcnll Dommcmt  96S-ER1OO1 for consistcmcy.
* ‘l%etwo’s  cxponmt  values (scaling factor) for FPS position andvclc)city  arespecificcl  in
Table 3.

.a = to

NOTE: Il]tegcral~clsi)~gle,  double, and tril]lc  ]>recisiollfixccl  point numbers are type I, E,
D,ancl D+, respectively.
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Tablc2.  SystcmTd~lc34  forTDRS  Ephcmcridcxi

WORD NAME# TYPE 2**n DESCRIPTION UNIT
------- ------- -------- ------------ ---------- ------------ --_---------

1

2-4

5-7

8-9

10-11

12-13

14-16

16-63

64-111

NEWDATAT

TSTARTT

TUSET

EIGWTTI

EIGWTTL

EIGWWTE

EIGWWTW

EIGBBE

EIGBBW

I-

D+ 38

D+ 38

D 30

D 30

D -25

D -25

D(3,8) *

D(3,8) *

Indicator for OBC to use
table values. Initialized
at O.
OBC time to calculate grid
point values (1 min before
TUSE) .
OBC time to use table
values.
Time interval of Ist grid
point past FPS reference
time .a.
Time interval of last grid
point from FPS reference
time ,ao
Orbital frequency of
TDRS East.
Orbital frequency of
TDRS West.
FPS coefficients for TDRS
East position (x,y,z).
FPS coefficients for TDRS
West position (x,y,z).

# From Docummt  968-ER1OO1 for ccmsistency.

ms

ms

ms

ms

rev/ins

rev/ ins

m

m

NOTE: Intmgcr  and single, clcmblc,  and triple precision fixed point numbcm am t ypc 1, E,
D, al~cl D+, rcsl>ectivcly.

* Exponent is 26 for all coefficicmts  cxccpt  for those whose scconcl  subscript is 2, 4, or 6.
h these cases, the exponent is –2.

.a = to



Table 3. TOPEX  ITS Cocffic.tint Scaling Factors (n)

2**n 2**n
INDEX POSITION VELOCITY INDEX POSITION VELOCITY
------- -------- -------- ------- -------- -------- -------

1
2
3
4
6
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23

23
-7

-38
-69
-99

-129
23
-7

-38
-69
-99

-129
23
-7

-38
-69
-99

-129
23
-7

-38
-69
-99

3
-27
-58
-89

-119
-149

3
-27
-58
-89

-119
-149

3
-27
-58
-89

-119
-149

3
-27
-58
-89

-119

24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42

23 3
-7 -27

-38 -58
-69 -89
-99 -119
23 3
-7 -27

-38 -58
-69 -89
23 3
-7 -27

-38 -58
-69 -89
13 -7
13 -7
13 -7
13 -7
13 -7
13 -7

.
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